Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 05-241 1 1 5 
(43)Date of publication of application : 21 .09.1 993 


(51-)Int.CI. 


G02F 1/035 




(21 Application number 
(22)Date of filing: 


04-041460 (71 Applicant : NEC CORP 
27.02.1992 (72)Inventor : TOYOHARA ATSUSHI 

IZEKI YUJI 


i 



(54) WAVEGUIDE TYPE OPTICAL DEVICE 

(57)Abstract: 

PURPOSE: To enable wide-band modulation by simple constitution by 
forming a groove in the opposite surface of a waveguide substrate from its 
electrode formed surface along an electrode. 

CONSTITUTION: A waveguide 1 1 is formed on the waveguide substrate 
10 and a couple of electrodes 12 and 13 for applying an electric field to 
the waveguide 1 1 are formed on the waveguide 1 1 . A lithium niobate 
substrate which has relatively high electrooptic effect among ferroelectric 
materials is employed as the waveguide substrate 10. In the opposite 
surface 1 5 of the waveguide substrate 1 0 from the electrode formed 
surface 1 4, one groove 1 5 is formed locally. The modulation band of a 
Mach-Zehnder type optical modulator which has the groove 16 formed at 
a part of the waveguide substrate 10 is measured and thin piece formation 
is performed by using constitution whose modulation band is 6GHz when 
the thickness (t) of the waveguide substrate is 0.8mm to obtain a 20GHz 
modulation band when the thickness (t) is 0.3mm, thereby greatly widening 
the modulation band. 
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1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The waveguide form light device characterized by providing the waveguide substrate which a waveguide is 
formed near the front face and has the electro-optical effect, and at least one slot which makes electric field impress to 
the aforementioned waveguide, and which was formed in the electrode of a couple, and the rear face of the 
aforementioned waveguide substrate along with the electrode at least. 

[Claim 2] A waveguide substrate is a waveguide form light device according to claim 1 which is produced by the 
lithium-niobate substrate and characterized by the bird clapper. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] With respect to a waveguide form light device, especially this invention is adopted as a wide 

band waveguide type optical modulator, and relates to a suitable waveguide form light device. 

[0002] 

[Description of the Prior Art] Generally, as a physical development which makes light cause change, there are the 
electro-optical effect, the magneto-optical effect, an acousto optic effect, etc. Among these, the electro-optical effect is 
the phenomenon of changing the refractive index or dielectric constant of a medium by change of electric field. 
[0003] The electrode for the portion with a refractive index high as an optical waveguide being formed into the 
substrate, and the waveguide form light device using the substrate which has the electro-optical effect impressing 
voltage the upper part or near this waveguide is formed. And by impressing electric field to this electrode and changing 
the refractive index, the phase and intensity of light can be modulated or an optical path can be switched now. 
[0004] Generally the lithium-niobate substrate which shows the comparatively high electro-optical effect in 
ferroelectric material is used for the substrate. After forming a titanium film to a substrate and carrying out patterning 
to a desired waveguide pattern, thermal diffusion of the waveguide form light device using this lithium niobate is 
carried out at the elevated temperature before and behind 1000 degreeC for several hours, it forms a waveguide, forms 
a diacid-ized silicon buffer layer in this upper part, and is produced by forming an electrode in the upper part by the 
metal membrane further. Such a waveguide form light device can integrate the function which modulates light on a 
substrate, and the function to perform a switch of an optical path. Moreover, development is furthered as a switch for 
an optical-path switch in the external modulator and OTDR (OpticalTime Domain Reflectometer) of the for eye a high- 
speed hatchet and for mass optical communication in the above-mentioned function. 

[0005] Drawing.4 is a Mach TSUENDA type optical modulator to which research and development is widely done 
from the former, and examination is advanced for utilization. Structure and the principle of operation are briefly 
explained using this view. The waveguide substrate 1 consists of a lithium-niobate substrate, and the Mach TSUENDA 
type light interference machine which consists of two parallel waveguides, two tees and a center, 2 is formed in this 
waveguide substrate 1 . The electrode 4 and electrode 5 of a metal layer which consist of chromium and gold are 
formed in the upper part of the waveguide 2 of two parallel portions through the diacid-ized silicon buffer layer 3 (refer 
to drawing 5 ) formed by the whole front face of the waveguide substrate 1 . The input-side optical fiber 6 and the 
output side optical fiber 7 are optically combined with the ends side of the waveguide substrate 1 which has this 
waveguide 2 and electrode 4, and electrode 5, respectively. Furthermore, the outgoing end of the drive circuit 8 for 
impressing voltage to electrodes 4 and 5 and inputting a signal is connected. 

[0006] If voltage is now impressed to electrodes 4 and 5 from the exterior, as shown in drawing_6 , lengthwise electric 
field (it expresses as Arrow A) will occur in the waveguide 2 formed into the waveguide substrate 1, and the refractive 
index of a waveguide 2 will change with the electro-optical effects which a lithium niobate has. A sign 9 shows line of 
electric force. 

[0007] The relation of the voltage and the optical output which were impressed is shown in drawing 7 . In the state 
where voltage is not impressed, light once branches to electrodes 4 and 5, and joins them again. When the structure of 
two arms in a Mach TSUENDA type light interference machine is equal, in order that there may be no phase contrast 
between two branched light, except for propagation loss or branching loss, light is again outputted from the output side 
optical fiber 7. However, the phases of the light which branched when applied voltage was made to increase differ 
mutually, and phase contrast is set to pi in a certain voltage. When such two branching light joins again, the output of 
light is no longer observed by interference. Thus, a Mach TSUENDA type optical modulator modulates light by the 
existence of voltage impression. Since this optical modulator has the very high modulation band (more than dozens GH 
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(s)2), the present research is briskly advanced for realization of mass transmission. 

[0008] There is a modulation band as one of the indexes showing the performance of an optical modulator. As an 
element which restricts wide band-ization of this modulation band, (1) microwave resonates with a waveguide 
substrate and the size of loss of generating, (2) microwave, and the microwave that spreads the inside of gap of the 
speed of advance of waveguide light and (3) electrodes etc. is mentioned in a DIP in a low frequency region (5- 
10GH2) The way the cure about the three above-mentioned problems flake-izes the configuration of (i) and a bttuum- 
niobate substrate, respectively (For example, "RF property improvement of Ti:LiNb03 modulator" :Seino others) The 
method which will cover the ********** size C227, (ii), and the electrode upper part by the screening electrode m 
1990 (For example, the design of shielded type rate adaptation Ti:LiNb03 optical modulator, and "trial 
production":Kono others) ****** paper magazine 1991 / 1 1 Vol.J74-C NO.l 1, It is reported by the method (for 
example, M.Seino et al, :Technical Digest of ECOC 1990, p999-1002) of thickening thickness of the electrode 
currently formed on (iii) and the substrate. 

[Problem(s) to be Solved by the Invention] However, there were the respectively following problems in three methods 
mentioned above. That is, about (i), production was not easy because of flake-izing, and there was a problem also on 
handling. Moreover, about (ii), composition is complicated and there was a stability top upper limit on production 
about thick-film-ization of an electrode [ further / (iii) ]. 

[0010] The purpose of this invention was made in view of the problem mentioned above, and is to offer the waveguide 
form light device which can realize the optical modulator of a wide band easily. 

[Means for Solving the Problem] Invention according to claim 1 consists of a waveguide substrate which a waveguide 
is formed near the front face and has the electro-optical effect, and at least one slot which makes electric field impress 
to a waveguide and which was formed in the electrode of a couple, and the rear face of a waveguide substrate along 
with the electrode at least. .... 
[0012] Invention according to claim 2 is characterized by for a waveguide substrate being produced by the lithium- 

niobate substrate and changing. 

[Fraction] Since according to this invention the slot was formed so that the opposite side of the electrode forming face 
of a waveguide substrate which has the electro-optical effect might be met at an electrode, the wide band modulation 
was easily attained with easy composition. Moreover, only thickness of the substrate near the electrode lower part is 
made thin, and since the substrate of other portions is thick, production of a waveguide substrate and handling ot it 
become easy. 

[Example] Next, this invention is explained with reference to a drawing. Drawing 1 is the perspective diagram of the 
Mach TSUENDA type optical modulator which is one example of the waveguide form light device concerning this 
invention The waveguide 1 1 is formed on the waveguide substrate 10, and the electrodes 12 and 13 of the couple 
which makes a waveguide 1 1 impress electric field to the upper part of this waveguide 1 1 are formed. In addition, the 
lithium-niobate substrate which shows the comparatively high electro-optical effect in ferroelectric material is adopted 
as the waveguide substrate 10. . .,,„,.« i.jr 

[0015] Along with electrodes 12 and 13, one slot 16 is locally formed in the opposite side 15 of the electrode forming 
face 14 of the waveguide substrate 10. In addition, as one method of forming a slot 16 locally, as shown in drawmg2 , 
the mask 18 which has the etching pattern of a configuration request flake-ized in the middle of the optical path ot a 
laser beam 17 and a similar pattern is arranged using an excimer laser finishing machine. And reduction projection ot 
the laser beam which passed this mask 18 is carried out on the waveguide substrate 10 with a condenser lens 19 and 
ablation etching is performed (for example, refer to "laser processing" pp.506-51 1 and Nikkei Technical Books). The 
slot 16 of arbitrary configurations can be formed in the waveguide substrate 10 by such method. In addition, the 
outgoing end of the drive circuit 20 is connected to electrodes 12 and 13. 

T00161 The composition and the method of construction which were mentioned above enabled it to make thin thickness 
of the waveguide substrate [ directly under ] 10 of electrodes 12 and 13 0.3mm from 0.8 conventionalmm. Moreover, 
the width-of-face size of the waveguide substrate 10 is 5mm, and the width-of-face size of a slot 16 has become 2mm. 
r00171 Thus the modulation band of the Mach TSUENDA type optical modulator which formed the slot 16 in a part ot 
waveguide substrate 10 was measured, and when thickness t of a waveguide substrate was 0.8mm, flake-ization was 
performed using the composition in which a modulation band serves as 6GHZ(s), and t was 0.3mm, the modulation 
band was set to 20GHZ(s) and has realized large wide band-ization of a modulation band 
[0018] The example of change of the modulation band when carrying out adjustable [ of the thickness ot the 
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waveguide substrate 10 ] to drawing^ is shown. It turns out that a modulation band spreads from making thickness of 
the.waveguide substrate 10 thin so that clearly from drawing 3 . 

[0019] In addition, although ablation etching by the excimer laser is adopted as the formation technique of a slot 16 in 
this example, it is not independently limited to this and the formation method of a mechanical slot of having used the 
dicfhg saw etc. can also be applied. 
[00^0] 

[Effect of the Invention] By having formed the slot so that an electrode might be met in the opposite side of the 
electrode forming face of a waveguide substrate according to the waveguide form light device concerning this 
invention, as explained above, the wide band modulation was attained with easy composition, and, moreover, handling 
also became easy. In addition, since a complicated manufacture process was not needed, productivity also improved by 
leaps and bounds. 
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DRAWINGS 





[Drawing 3] 
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[Drawing 5] 
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